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SHEET PROCESSING APPARATUS AND
IMAGE FORMING SYSTEM

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a sheet processing appara-
tus capable of performing a punch process on a sheet and an
image forming system including the sheet processing appa-

ratus.
2. Description of the Related Art

In the related art, there has been proposed a sheet process-
ing apparatus in which sheets respectively having an image
formed by an 1mage forming apparatus are conveyed sequen-
tially into an apparatus and a punch process to punch holes
can be performed thereon. For example, a sheet processing
apparatus on which a punch umt having different number,
diameter and position of holes 1s exchangeably disposed to
support a variety of files and rings with a single sheet pro-
cessing apparatus has been proposed, as disclosed in U.S. Pat.

No. 5,746,162.

Further, 1n the above sheet processing apparatus, punch-
processed sheets are eventually discharged to a stack tray
while performing a process such as aligning and stapling after
being sequentially stacked on a processing tray for temporal
stacking by being switched back.

With the sheet processing apparatus proposed in U.S. Pat.
No. 5,746,162, when a punch process of a number of holes
such as 30 holes 1s performed, the strength of the sheet end
part ol the punch-processed side 1s decreased. Accordingly,
when the sheets are stacked on the processing tray and dis-
charged to the stack tray from the processing tray as an
ordinary punch process with a few holes such as 2 to 4 holes,
there 1s a fear that following problems occur.

For example, sheets having the punch process of a number
ol holes performed at the end part thereof are sequentially
stacked on the processing tray and alignment 1s performed by
striking the end part of each punch-processed sheet to an
abutment member on the processing tray after each sheet 1s
switched back at the sheet tray.

And then, the sheets being aligned at the processing tray
are discharged to the stack tray from the processing tray by
being pushed by a discharge member movable along the
processing tray. At that time, when the sheet 1s thin, there 1s a
tear that the sheet 1s buckled as the discharge member pushes
out the end part of the punch-processed sheet.

The present invention prevents buckling at an end part of a
punch-processed sheet.

SUMMARY OF THE INVENTION

According to the present invention, there i1s provided a
sheet processing apparatus including: a punch portion which
punches a hole at an end part of a sheet; a sheet discharge
portion which discharges the sheet by pushing the end part of
the sheet where the punch process 1s performed by the punch
portion; and a controller which controls the sheet discharge
portion, wherein the controller controls so that the sheet dis-
charge portion discharges a sheet at a sheet discharging speed
lower than a predetermined speed 1n accordance with punch
process information that strength of a sheet end part 1s
decreased by the punch process and 1s lower than predeter-
mined sheet strength capable of being discharged at the pre-
determined speed.

According to the present invention, buckling at an end part
of a sheet of which strength i1s decreased due to a punch
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2

process can be prevented. Accordingly, a sheet product on
which a high quality punch process i1s performed can be
provided to a user.

Further features of the present invention will become
apparent from the following description of exemplary
embodiments with reference to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a structural view of an entire 1mage forming
apparatus;

FIG. 2 1s a block diagram of the image forming apparatus;

FIG. 3 1s a block diagram of a finisher;

FIG. 4 A 1llustrates a setting screen of a sheet type and FIG.
4B 1llustrates a setting screen of a process mode;

FIG. 5A 1s a perspective view of a punch die and FIG. 5B
1s a table which i1ndicates types of the punch die;

FIGS. 6 A to 6C are plane views of a sheet after performing
a punch process respectively of 4 circular holes, 30 rectangu-
lar holes and 30 circular holes:

FIG. 7 1s a table which indicates an example of a discharge
control table according to a first embodiment;

FIG. 8 1s a flowchart which describes the flow of the dis-
charge control according to the first embodiment;

FIG. 9 1s an explanatory view of a second discharge con-
trol;

FIG. 10 1s atable which indicates an example of a discharge
control table according to a second embodiment;

FIG. 11 1s a flowchart which describes the tlow of the
discharge control according to the second embodiment; and

FIG. 12 1s an explanatory view of a third discharge control.

DESCRIPTION OF THE EMBODIMENTS

In the following, embodiments of the present invention will
be described 1n detail as examples with reference to the draw-
ings. Here, dimensions, materials, shapes, relative arrange-
ments thereol and the like described 1n the following embodi-
ments are to be appropriately modified 1n accordance with a
confliguration of an apparatus to which the present invention
1s applied and various conditions. Therefore, the embodi-
ments are not mtended to limait the scope of the present inven-
tion only to the description unless otherwise specified.

First Embodiment

In the following, an 1mage forming system constituted with
an 1mage forming apparatus main body and a sheet process-

ing apparatus according to a first embodiment will be
described.

General Configuration of Image Forming System

First, a general configuration of an image forming system
constituted with an 1image forming apparatus main body and
a sheet processing apparatus will be described. FIG. 1 1s a
schematic sectional view illustrating the general configura-
tion of the image forming system.

As 1llustrated 1n FIG. 1, the image forming system 1s con-
stituted with an 1mage forming apparatus main body 10 and a
finisher 800 as the sheet processing apparatus. The 1mage
forming apparatus main body 10 includes an 1mage reader
200 to read an 1mage of an original and a printer 100 to record
an 1mage on a sheet. Further, the image forming apparatus
main body 10 includes an operation displaying portion 600.
The finisher 800 1s the sheet processing apparatus (1.€., sheet
processing portion) selectively performing a process on an
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image-formed sheet and stacking the sheet. Here, the finisher
800 includes a punch unit 700 having a punch portion capable
of selectively punching different types olTholes against a sheet
and a staple stacker portion 500 capable of selectively per-
forming a process on a sheet.

The image reader 200 mounts an original feeding unit 400.
The original feeding unit 400 feeds originals set faced-up on
an original tray sequentially one by one from the top page and
stops the original at a predetermined position on aplaten glass
202 viaa curved path. By performing scanning with a scanner
unit 201 1n this state, the original 1s read. At the time of
scanning with the scanner umt 201, the reading face of the
original 1s 1rradiated with light of a lamp of the scanner unit
201 and the reflection light from the original 1s guided to a
lens via a mirror. The light which passed through the lens
forms an 1mage at an 1imaging face of an image sensor 203.
The optically read image 1s output after being converted into
image data by the image sensor 203. The image data output
from the 1mage sensor 203 1s input to an exposure controlling
portion 101 of the printer 100 as a video signal after a prede-
termined process 1s performed with a later-mentioned 1image
signal controlling portion 281.

Following description 1s performed on a case of forming an
image on one side of a sheet. At an image forming portion of
the printer 100, an exposure controlling portion 101 modu-
lates and outputs laser light based on an mput video signal.
The laser light 1s 1rradiated on a photosensitive drum 102 as
being scanned by a polygon mirror (not illustrated). An elec-
trostatic latent 1image 1s formed on the photosensitive drum
102 1n accordance with the scanned laser light. The electro-
static latent 1mage on the photosensitive drum 102 1s to be
visible as a developer 1mage with developer supplied from a
development device 103.

A sheet conveyed and fed to a conveying path from each
cassette 111, 112 or a manual sheet tray 113 1s tentatively
stopped by the top end of the sheet being struck to a registra-
tion roller 114. Subsequently, the sheet 1s conveyed to a space
between the photosensitive drum 102 and a transier portion
104 at the timing synchronized with starting irradiation of the
laser light. The developer image formed on the photosensitive

drum 102 1s transierred on the fed sheet by the transfer portion
104. Skew of the sheet 1s corrected with the tentative stop by
the top end of the sheet being struck to the registration roller
114.

The sheet having the developer image transferred 1s con-
veyed to a fixing portion 105. The fixing portion 105 fixes the
developer image on the sheet by applying heat and pressure to
the sheet. The sheet passing through the fixing portion 105 1s
discharged to the finisher 800 from the printer 100 via a
C
{

lischarge roller 116 by a switching member 118. At that time,
he sheet 1s discharged 1n a state that the image-formed face 1s
faced upward (1.e., face-up).

When discharging the sheet 1n a state that the i1mage-
formed face 1s faced downward (1.e., face-down), the sheet 1s
conveyed to a reverse path 119 as being switched back by
switching the switching member 118 after passing through
the fixing portion 105. Accordingly, the sheet 1s reversed in
the front and back and discharged to the finisher 800 from the
printer 100 via the discharge roller 116.

The sheet discharged from the printer 100 1s fed to the
finisher 800. The fimsher 800 1s capable of selectively per-
forming a process such as a stapling process, a punch process
and a sort process on a sheet bundle. Selecting and cancelling
of a stapling mode, a punch mode and a sort mode can be
performed at the operation displaying portion 600. The fin-
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4

isher 800 1s a unit mainly constituted with the staple stacker
portion 500 and includes the punch unit 700 to perform a
punch process.

When the punch process 1s not set, the sheet discharged
from the printer 100 1s conveyed in the horizontal direction by
a conveying roller 701 and a switching member 702 at an inlet
of the punch unit 700. Then, the sheet1s conveyed to the staple
stacker portion 500 by a conveying roller 301 at an 1nlet of the
staple stacker portion 500 via a discharge roller 712. In the
case that the processes such as sorting and stapling are not set
and the sheet 1s discharged without being processed, a switch-
ing member 318 1s switched and the sheet 1s discharged to a
stack tray 5310 by a discharge roller 517 being a second sheet
discharge portion via a non-sort path 516.

Next, sheet conveyance 1n the case that the process such as
sorting and stapling is set against the sheet will be described.

After performing image forming being similar to the case
of performing 1image forming on one side of a sheet, the sheet
1s conveyed to a reverse path 119 to be switched back by
switching the switching member 118 after passing through
the fixing portion 105. Accordingly, the sheet 1s reversed in
the front and back and discharged to the finisher 800 from the
printer 100 1n a state of face-down. In order to perform the
process on the sheet, the sheet 1s discharged to a bundle
discharge belt 503 by the conveying rollers 501, 502 of the
finmsher 800 via a sort path 519.

To be precise, the sheet 1s discharged to the intermediate
process tray 508 having low friction which 1s arranged in
parallel to the bundle discharge belt 503 at a higher position
by several millimeters. The discharged sheet falls under its
own weight in the lower right direction along the intermediate
process tray 508 (1.¢., the bundle discharge belt 503) which 1s
obliquely arranged. The itermediate process tray 508 1s a
first stack portion capable of temporally stacking the sheet at
the downstream side 1n the sheet conveying direction from a
punch portion 706. The sheet discharged to the intermediate
process tray 308 1s abutted with a friction member arranged at
an arc ol a sector-shaped return roller 504 due to rotation of
the return roller 504 in the counterclockwise direction, so that
the end part of the sheet 1s struck to a stopper plate (1.e., an
abutment member) 307. In this manner, aligning operation 1s
performed 1n the longitudinal direction (i.e., the conveying
direction) of the sheet.

Further, an aligning plate 506 1s arranged on the interme-
diate process tray 308 respectively at both front and back
sides. The aligning plates 506 are driven every time when a
sheet 1s discharged onto the intermediate process tray 508, so
that the aligning operation 1s performed in the lateral direc-
tion (1.e., the width direction perpendicular to the conveying
direction) against the sheet on the intermediate process tray
508.

When a predetermined number of sheets are discharged
and stacked on the intermediate process tray 508, the bundle
discharge belt 503 constituting a first sheet discharge portion
1s driven to discharge the sheet bundle. Specifically, the sheet
bundle 1s discharged to a stack tray 510 or a stack tray 511
being a second stack portion while the rear end of the sheet
bundle (1.e., the sheet end part) 1s pushed out by a push
member (1.€., a discharge portion) 509 operated along with
driving of the bundle discharge belt 503.

When the stapling mode 1s set at the operation displaying
portion 600, sheets for one bundle to be stapled are discharged
to the intermediate process tray 308. After the aligning opera-
tion 1s performed to each sheet by the aligning plates 506, the
stapling process 1s performed on the sheet bundle as a stapler
5035 being a processing portion 1s driven. Subsequently, the
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sheet bundle 1s discharged to the stack tray 510 or the stack
tray 511 by the sheet discharge belt 503.

The stapler 505 1s movable 1n the lateral direction and 1s
capable of performing the stapling operation at an arbitrary
position between the front and back sides against the sheets
on the intermediate tray 508. The position where the stapling

process 1s performed 1s set at the operation displaying portion
600.

Next, sheet conveyance 1n the case that the punch process
1s set against a sheet will be described.

The sheet discharged from the printer 100 1s conveyed 1nto
the punch umt 700 by the conveying roller 701 and conveyed
to a path of conveying rollers 703, 704 side by switching the
switching member 702 to the lower direction. When a prede-
termined time passes aiter the rear end of the sheet 1s detected
by a sensor 705, a roller 1n the punch portion 706 1s stopped
and a push-out plate 707 1s rotated by 90°. Then, by switching
back the sheet, the sheet 1s struck to the push-out plate 707.
Punch holes are punched at the rear end (i.e., the end part) of
the sheet by the punch portion 706. After the punch process 1s
completed, the push-out plate 707 1s returned in the direction
of the original position by 90° and the roller in the punch
portion 706 1s driven again. Then, the sheet 1s conveyed to the
staple stacker portion 500 by the conveying rollers 708, 709,
710, 711, 712.

FIG. 5A 1llustrates a punch die (i.e., blade portion) 854
provided at the punch portion 706 of the punch unit 700. FIG.
5B 1s a table indicating examples of types of the punch die.
Although not illustrated in FIG. 1, the punch die 854 1s pro-

vided with a punch blade 854a and a blade rest 8545 for
punching a hole. The punch process 1s performed by pressing,
an upper part of the punch die 854 when a sheet 1s passing
through the punch die 854. The punch die 834 1s replaceable
(1.e., detachably attachable) and various hole types (i.e., the
number, shape and si1ze) of punch dies 854 are prepared.

Further, a non-contact communication IC chip (hereinat-
ter, called the IC tag) 868 with an antenna of passive tag type
1s mounted on the upper part of the punch die 854. Informa-
tion of the punch die 854 1s possible to be discerned by a
punch die reading controlling portion 873 illustrated 1n FIG.
3 through communication of the IC tag 868 with a non-
contact communication IC reading unit (heremafter, called
the IC tag reader; not illustrated). Here, the type of the punch
die 854 1s discerned by utilizing a non-contact communica-
tion IC. However, instead of non-contact communication, 1t 1s
also possible to communicate with the IC tag of the punch die
854 by utilizing wired connection by drawer, for example.
Instead, not utilizing a communicating portion, 1t 1s also pos-
sible to perform discrimination of punch hole types by an
optical sensor as a flag being mounted on a part of the punch
die 854 and a cutout of the flag being provided to the punch
unit 700.

Here, the types of the punch die 854 are exemplified with 4
circular holes, 30 circular holes and 30 rectangular holes.
FIGS. 6A to 6C respectively illustrate a punch-processed
sheet using each of the punch dies 854. FIG. 6A 1s a plane
view ol a punch-processed sheet using a punch die of 4
circular holes. FIG. 6B 1s a plane view of a punch-processed
sheet using a punch die o1 30 circular holes. FIG. 6C 1s a plane
view ol a punch-processed sheet using a punch die of 30
rectangular holes. As illustrated 1n F1G. 5B, although the hole
shapes are different, the number and 1ntervals of the holes are
the same between the sheets illustrated in FIGS. 6B and 6C.

Block Diagram of Image Forming System

Next, the configuration of a controller to perform control-
ling ofthe entire image forming system will be described with
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reference to FIG. 2. FIG. 2 1s a block diagram 1llustrating the
configuration of the controller to perform controlling of the
entire 1image forming system of FIG. 1.

As 1llustrated 1in FIG. 2, the controller includes a CPU
circuit portion 150. The CPU circuit portion 150 incorporates
a CPU (not illustrated), a ROM 151 and a RAM 152 and
generally controls respective blocks 480, 280, 281, 282, 283,
180, 680, 580 with control programs stored at the ROM 151.
The RAM 152 temporally stores control data and 1s used as an
operational area for arithmetic processing in accordance with
the control.

The original feeding unit controlling portion 480 controls
to drive the original feeding unit 400 based on instructions
from the CPU circuit portion 150. The image reader control-
ling portion 280 performs driving control against the above-
mentioned scanner unit 201 and the image sensor 203 and
transmits the analog image signal output from the image
sensor 203 to the image signal controlling portion 281.

The image signal controlling portion 281 performs respec-
tive processes alter converting an analog image signal from
the 1mage sensor 203 into a digital signal and converts the
digital signal into a video signal, and then, outputs the video
signal to the printer controlling portion 180. Further, the
image signal controlling portion 281 performs various pro-
cesses on a digital image signal input from a computer 283 via
an external I/F 282 and converts the digital image signal into
a video signal, and then, outputs the video signal to the printer
controlling portion 180. The processing operation of the
image signal controlling portion 281 1s controlled by the CPU
circuit portion 150. The printer controlling portion 180 drives
the abovementioned exposure controlling portion 101 based
on the mput video signals.

The operation displaying portion controlling portion 680
interchanges information with the operation displaying por-
tion 600 and the CPU circuit portion 150. The operation
displaying portion 600 includes a plurality of keys to set
various functions regarding image forming and a display
portion to display information indicating a setting state. The
operation displaying portion 600 displays corresponding
information based on the signal from the CPU circuit portion
150 while outputting a key signal corresponding to operation
of each key to the CPU circuit portion 150.

The finisher controlling portion 580 interchanges informa-
tion with the CPU circuit portion 150 based on the informa-
tion set from the operation displaying portion 600 and con-
trols the finisher 800 in accordance with a sheet size and
processing details.

The CPU circuit portion 150 performs a configuration
when power 1s turned on and obtains each structural informa-
tion by communicating with the original feeding unit control-
ling portion 480, the image reader controlling portion 280, the
printer controlling portion 180 and the finisher controlling
portion 380.

Next, setting procedure of the punch mode and sheets will
be described. FIGS. 4A and 4B respectively 1illustrate a set-
ting screen of a process mode (1.e., sheet selection and sheet
processing selection) displayed at the operation displaying
portion 600. Sheets to be used and punch holes can be
selected therefrom.

When sheets to be used are selected from the screen ot FIG.
4 A, the CPU circuit portion 150 memorizes the sheet size and
the sheet type to be used. On the screen of FIG. 4B, 1t 1s
possible to set the stapling process or the punch process.
When “Punch” 1s selected as 1llustrated in FI1G. 48, the CPU
circuit portion 150 determines to perform the punch process.
The s1ze and type of the sheets and punch process information
such as with-or-without performing punching set at FIGS. 4A
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and 4B are notified to the finisher controlling portion 580. The
finisher 800 performs a process based on the notified 1nfor-
mation.

Block Diagram of Finisher 5

Next, the configuration of the finisher controlling portion
580 to control the finisher 800 will be described with refer-
ence to FIG. 3. FIG. 3 1s a block diagram illustrating the
configuration of the fimisher controlling portion 380 of FI1G. 2. 10

Asillustrated 1in FIG. 3, the finisher controlling portion 580
being a controller 1s constituted with a CPU circuit portion
880, a ROM 881 and a RAM 882. The CPU circuit portion
880 performs data exchange by communicating with the CPU
circuit portion 150 disposed at the image forming apparatus 15
main body 10. Then, based on the instructions from the CPU
circuit portion 150, the CPU circuit portion 880 generally
controls respective blocks 871, 872, 873, 874 of the finisher
800 by executing various programs stored at the ROM 881.

In accordance with the sheet size, the sheet type and pro- 20
cessing details notified from the finisher controlling portion
580, a stack tray controlling portion 871 controls lifting and
lowering of the stack trays 510, 511. In description of the
present embodiment, the finisher controlling portion 380 (1.¢.,
the CPU circuit portion 880) 1s configured to communicate 25
with the CPU circuit portion 150 disposed at the 1image form-
ing apparatus main body 10. However, 1t 1s also possible that
the CPU circuit portion 150 1s configured to directly control
the finisher 800.

A punch controlling portion 872 controls the punch unit 30
700 corresponding to the information of with-or-without per-
forming punching notified from the finisher controlling por-
tion 580.

A punch diereading controlling portion 873 controls the IC
tag reader to perform reading of the information of the punch 35
dic 854 (1.e., the IC tag 868) when a punch die presence
detecting sensor (not illustrated) detects mounting of the
punch die 854. The read information of the punch die 854 (for
example, as indicated i FIG. 5B) 1s stored to the RAM 882.
Here, the information such as an ID of the punch die, number, 40
diameter and shape of holes 1s obtained. For example, 1n the
case of the punch die of 4 holes, the 1D 1s 1, the number of
holes 1s 4, the hole diameter 1s 8 mm, and the shape 1s circular.

A sheet conveyance controlling portion 874 controls sheet
conveyance in accordance with the sheet size and the sheet 45
type notified from the finisher controlling portion 580. In
addition, the sheet conveyance controlling portion 874 also
performs sheet discharge control to switch the sheet discharge
method corresponding to with-or-without performing the
punch process, the punch hole type and the sheet type. 50

Sheet Discharge Control of Finisher

Next, the sheet discharge control at the finisher 800 will be
described with reference to FIGS. 7 and 8. FIG. 7 15 a table 55
indicating an example of the sheet discharge control accord-
ing to the first embodiment. FIG. 8 1s a flowchart describing
the tlow of the sheet discharge control according to the first
embodiment.

As described above, when the sheet having the punch pro- 60
cess of a number of holes performed 1s thin and large-sized,
the strength of the sheet 1s decreased at the end part thereof
where the punch process 1s performed. Therelfore, there 1s a
tear that the sheet 1s buckled by pushing out the sheet end part
where the punch process 1s performed by the push-out mem- 65
ber 509. Further, 1f the sheet having the punch process of a
number of holes performed i1s thin, when the sheets are

8

sequentially stacked on the intermediate process tray 508,
there 1s a fear that the sheet end part 1s buckled due to abut-
ment against the stopper plate 507.

Whether or not these problems occur 1s determined accord-
ing to combination of punch process information such as
with-or-without performing the punch process, a type of
punch holes, a sheet size and a sheet type. Based on the punch
process information, the sheet discharge control 1s performed
in accordance with strength decrease at the sheet end part
where the punch process 1s performed. In the following, the
sheet discharge control 1s described with two examples.

First Discharge Control

The first discharge control 1s for the case that sheet buck-
ling does not occur regardless of with-or-without performing
punching, when a sheet having a predetermined strength or
higher capable of being discharged at a predetermined speed
1s stacked to the intermediate process tray 508 or 1s stacked to
the stack tray via the intermediate process tray 508. This
control 1s normal discharge control to discharge a sheet to the
stack tray 510 or the stack tray 511 at the predetermined
discharge speed via the intermediate process tray 508.

Second Discharge Control

The second discharge control 1s for preventing sheet buck-
ling occurrence at the time of discharging a sheet to a stack
tray Irom the intermediate process tray 508 even though buck-
ling does not occur when the sheet having the punch process
performed 1s stacked to the imntermediate process tray 508.
This control 1s the discharge control to discharge the punch-
processed sheet which may have the abovementioned buck-
ling toward the outside of the apparatus by the push-out
member 509 constituting the first sheet discharge portion at
the set speed of sheet discharging from the intermediate pro-
cess tray 508 to be lower than the predetermined speed. Here,
the predetermined speed refers to discharge speed V1 or
discharge acceleration Val generated by the push-out mem-
ber 509, as illustrated 1n FIG. 9. In the second discharge
control, the discharging 1s performed at discharge speed V2 or
at discharge acceleration Va2 being respectively lower than
the discharge speed V1 or the discharge acceleration Val (1.¢.,
V1>V2, Val>Va2).

Notification of Not Permitting Discharge

Here, 1n the case that the end part of a punch-processed
sheet 1s buckled by being abutted to the stopper plate 507
when being stacked to the intermediate process tray 308, 1t 1s
notified that the sheet discharge process via the intermediate
process tray 508 1s not permitted. In other words, not permut-
ting to perform the sheet alignment process 1n the longitudi-
nal direction (i.e., the conveying direction) of the sheet by
striking the punch-processed sheet end part to the stopper
plate 507 (1.e., an abutment member) 1s notified. Since the
notification 1s determined corresponding to the conditions of
the punch process information at the time of sheet selection
and sheet processing selection by utilizing the screen of FIG.
4, the notification 1s performed to the operation displaying
portion 600 of FIG. 1 (or to a computer being an external host
unit) in accordance with the conditions.

The discharge control 1s determined from the above two
corresponding to a discharge control table prepared on the
conditions of the punch process information where the
strength of the end part of the punch-processed sheet 1s
decreased. Here, the discharge control 1s determined corre-
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sponding to the discharge control table prepared by combi-
nation of with-or-without performing punching, a punch hole
type, a sheet size and a sheet type, as 1llustrated 1n FI1G. 7. The
discharge control table illustrated mn FIG. 7 1s sumply an
example and the present invention 1s not limited to this.

In FIG. 7, combinations of a size and a type of sheets and
number, a shape and a size of punch holes are exemplified as
the punch process information relating to strength decrease of
the end part of the punch-processed sheet. Here, B4 size (1.¢.,
the length in the sheet discharge direction 1s 364 mm) 1s
exemplified as the predetermined size of the sheet. The sheet
type 1s referred to sheet thickness. Here, plain paper 1s exem-
plified as a predetermined thickness. In this example, thick
paper 1s thicker and thin paper 1s thinner than the plain paper.
The number of holes, the hole diameter (1.¢., the size) and the
hole shape are exemplified as the hole information.

The sheet having 4 circular holes has the predetermined
strength or higher capable of being discharged at the prede-
termined speed and receives no influence by the punch pro-
cess. Accordingly, as indicated 1n the discharge control table
of FIG. 7, the first discharge control being the same without
the punch process 1s performed 1n all combinations.

In the case of the sheet of thin paper having 30 circular
holes and length of B4 (=364 mm) or longer, the sheet has the
first strength being lower than the predetermined strength.
With this strength, the end part of the punch-processed sheet
1s not buckled when being abutted to the stopper plate S07 but
1s buckled when being pushed by the push-out member 509 at
the predetermined speed. Accordingly, with the sheet of such
combination, the sheet 1s discharged by the push-out member
at the speed of being discharged from the intermediate pro-
cess tray 508 being lower than the predetermined speed (1.¢.,
the second discharge control). Even in the case of the sheet
having 30 circular holes and length of B4 (=364 mm) or
longer, the sheet of plain paper or thick paper has the prede-
termined strength or higher capable of being discharged at the
predetermined speed and the end part of the punch-processed
sheet 1s not buckled. Accordingly, the sheet 1s discharged by
the push-out member driven at the predetennmed speed (1.e.,
the first discharge control). Further, in the case of the sheet
having 30 circular holes and length shorter than B4 (=364
mm), the sheet even of thin paper has the predetermined
strength or higher capable of being discharged at the prede-
termined speed not to be buckled. Accordingly, the sheet 1s
discharged by the push-out member driven at the predeter-
mined speed (1.¢., the first discharge control).

In the case of the sheet of thin paper having 30 rectangular
holes and length of B4 (=364 mm) or longer, the sheet has the
second strength being lower than the predetermined strength.
With this strength, the end part of the punch-processed sheet
1s buckled when being abutted to the stopper plate 507 of the
intermediate process tray 508. Accordingly, with the sheet of
such combination, it 1s notified to a user via the operation
displaying portion 600 that the sheet discharge process via the
intermediate process tray 508 1s not permitted (1.e., notifica-
tion of not permitting discharge). Even 1n the case of the sheet
having 30 rectangular holes and length of B4 (=364 mm) or
longer, the sheet of plain paper or thick paper has the prede-
termined strength or higher capable of being discharged at the
predetermined speed and the end part of the punch-processed
sheet 1s not buckled. Accordingly, the sheet 1s discharged by
the push-out member driven at the predetermined speed (1.¢.,
the first discharge control).

In the case of the sheet of thin paper having 30 rectangular
holes and length shorter than B4 (=364 mm), the sheet has the
first strength being lower than the predetermined strength.
With this strength, the end part of the punch-processed sheet
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1s not buckled when being abutted to the stopper plate but 1s
buckled when being pushed by the push-out member at the
predetermined speed. Accordingly, with the sheet of this
combination, the sheet 1s discharged by the push-out member
at the speed of being discharged from the intermediate pro-
cess tray being lower than the predetermined speed (1.e., the

second discharge control). Even 1n the case of the sheet hav-
ing 30 rectangular holes and length shorter than B4 (=364
mm ), the sheet of plain paper or thick paper has the predeter-
mined strength or higher capable of being discharged at the
predetermined speed and the end part of the punch-processed
sheet 1s not buckled. Accordingly, the sheet 1s discharged by
the push-out member driven at the predetermined speed (1.¢.,
the first discharge control).

Here, although the discharge control table 1s prepared with
the combinations of three hole types of the punch die 854, two
sheet sizes and three sheet types, the combinations are not
limited thereto. For example, 1t 1s also possible to classify the
sheet types more finely by grammage and sheet length and to
combine the types.

Next, the sheet discharge control of the finisher 800 will be
described with reference to a flowchart of FIG. 8. In the
following description, the punch process information refers
to combinations of information of sheet types, information of
with-or-without performing punch process and information
of punch holes.

In S11, when sheet passing 1s started, the finisher control-
ling portion 580 (i.e., the CPU circuit portion 880) of the
fimisher 800 obtains sheet type information such as the sheet
s1ze and the sheet type which are set at the sheet selection
screen of the operation displaying portion 600 of FIG. 4A
through the communication with the CPU circuit portion 150.
Then, it proceeds to S12.

In S12, the finisher controlling portion 580 of the fimisher
800 obtains the information of with-or-without performing
the punch process set at the sheet process selection screen of
the operation displaying portion 600 of FIG. 4B through the
communication with the CPU circuit portion 150. When the
punch process 1s to be performed, 1t proceeds to S13. When
the punch process 1s not to be performed, it proceeds to S16
and the sheet discharge method 1s determined to be the first
discharge control.

In S13, the information from the punch die reading con-
trolling portion 873 1s obtained and the hole types (the num-
ber, shape and size of holes) of the punch process to be
performed are determined.

In S14, it 1s determined whether or not buckling occurs
when stacking to the intermediate process tray 508 corre-
sponding to the combination of the obtained sheet type, infor-
mation of with-or-without performing the punch process and
the punch hole type information. When the combination 1s not
for causing buckling, 1t proceeds to S15. When the combina-
tion 1s for causing buckling, 1t 1s notified to the operation
displaying portion 600 that the sheet discharge process 1s not
permitted, as proceeding to S18.

In S15, 1t 1s determined whether or not discharging 1n low
speed for buckling prevention i1s necessary when the sheet 1s
discharged from the intermediate process tray 508 corre-
sponding to the combination of the obtained sheet type, infor-
mation of with-or-without performing the punch process and
the punch hole type information. If necessary to discharge in
low speed, the sheet discharge method 1s determined to be the
second discharge control, as proceeding to S17. I not neces-
sary to discharge in low speed, the first discharge control as
the sheet discharge method 1n the case of not performing the
punch process 1s determined, as proceeding to S16.
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With the abovementioned steps, an appropriate sheet dis-
charge method 1s determined corresponding to the combina-
tion of the sheet type, mformation of with-or-without per-
forming the punch process and the punch hole type
information. Accordingly, appropriate sheet control 1s per-
tormed 1n accordance with strength decrease at the end part of
the punch-processed sheet, so that buckling can be prevented
at the end part of the sheet having decreased strength due to
punch processing. In this manner, a sheet product on which a

high quality punch process 1s performed can be provided to a
user.

Second Embodiment

Next, an image forming system constituted with an 1mage
forming apparatus main body and a sheet processing appara-
tus according to a second embodiment will be described.
Here, since the general configuration of the image forming
system 1s substantially the same as the abovementioned
embodiment, only the sheet discharge control of the finisher
will be described 1n the following.

Sheet Discharge Control of Finisher

Next, the sheet discharge control at the finisher 800 will be

described with reference to FIGS. 10 and 11. FIG. 101s a table
indicating an example of the sheet discharge control accord-
ing to the second embodiment. FIG. 11 1s a tlowchart describ-
ing the flow of the sheet discharge control according to the
second embodiment.

In the description of the above embodiment, two sheet
discharge controls are performed 1n accordance with decrease
of the strength at the end part of the punch-processed sheet
based on the punch process information as an example. In the
present embodiment, the sheet discharge control includes the
following three controls as an example.

Since the first discharge control and the second discharge
control are substantially the same as those in the above
embodiment, only the third discharge control will be
described in the following.

Third Discharge Control

The third discharge control 1s for the case that buckling
occurs due to contact of the end part of the punch-processed
sheet to the stopper plate 507 when the punch-processed sheet
1s stacked to the intermediate process tray 308. The control 1s
the discharge control to discharge the punch-processed sheet
which may have the abovementioned buckling toward the
outside of the apparatus by the discharge roller 517 being the
second sheet discharge portion using the non-sort path 516
not by way of the intermediate process tray 508, as illustrated
in FIG. 12. Here, the sheet 1s discharged to the stack tray 510.
Although the discharging 1s performed through the non-sort
path 516, the discharge method 1s not limited to the above as
long as being not by way of the intermediate process tray 508.

The discharge control 1s determined from the above three
corresponding to a discharge control table prepared on the
conditions of the punch process information where the
strength of the end part of the punch-processed sheet 1s
decreased. Here, the discharge control 1s determined corre-
sponding to the discharge control table prepared by combi-
nation of with-or-without performing punching, a punch hole
type, a sheet size and a sheet type, as illustrated 1n FIG. 10.
The discharge control table illustrated 1n FIG. 10 1s stmply an
example and the present invention 1s not limited to this.
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In FIG. 10, combinations of a size and a type of sheets and
number, a shape and a size of punch holes are exemplified as
the punch process information relating to strength decrease of
the end part of the punch-processed sheet. Here, B4 size (1.¢.,
the length in the sheet discharge direction 1s 364 mm) 1s
exemplified as the predetermined size of the sheet. The sheet
type 1s referred to sheet thickness. Here, plain paper 1s exem-
plified as a predetermined thickness. In this example, thick
paper 1s thicker and thin paper 1s thinner than the plain paper.
The number of holes, the hole diameter (i.e., the size) and the
hole shape are exemplified as the hole information.

Since the sheet having 4 circular holes receives no ntlu-
ence by the punch process, the first discharge control being
the same without the punch process 1s performed 1n all com-
binations, as indicated 1n the discharge control table of FIG.
10.

In the case of the sheet of thin paper having 30 circular
holes and length of B4 (=364 mm) or longer, the sheet has the
first strength being lower than the predetermined strength.
With this strength, the end part of the punch-processed sheet
1s not buckled when being abutted to the stopper plate of the
intermediate process tray but 1s buckled when being pushed
by the push-out member. Accordingly, with the sheet of this
combination, the sheet 1s discharged by the push-out member
at the speed of being discharged from the intermediate pro-
cess tray being lower than the predetermined speed (1.e., the
second discharge control). Even 1n the case of the sheet hav-
ing 30 circular holes and length of B4 (=364 mm) or longer,
the sheet of plain paper or thick paper has the predetermined
strength or higher capable of being discharged at the prede-
termined speed and the end part of the punch-processed sheet
1s not buckled. Accordingly, the sheet 1s discharged by the
push-out member driven at the predetermined speed (1.e., the
first discharge control). Further, 1n the case of the sheet having
30 circular holes and length shorter than B4 (=364 mm), the
sheet even of thin paper has the predetermined strength or
higher capable of being discharged at the predetermined
speed not to be buckled. Accordingly, the sheet 1s discharged
by the push-out member driven at the predetermined speed
(1.e., the first discharge control).

In the case of the sheet of thin paper having 30 rectangular
holes and length of B4 (=364 mm) or longer, the sheet has the
second strength being lower than the predetermined strength.
With this strength, the end part of the punch-processed sheet
1s buckled when being abutted to the stopper plate of the
intermediate process tray. Accordingly, with the sheet of this
combination, the sheet 1s discharged by the discharge roller
517 using the non-sort path 516 not by way of the intermedi-
ate process tray (1.¢., the third discharge control). Even 1n the
case of the sheet having 30 rectangular holes and length
of B4 (=364 mm) or longer, the sheet of plain paper or thick
paper has the predetermined strength or higher capable of
being discharged at the predetermined speed and the end part
ol the punch-processed sheet 1s not buckled. Accordingly, the
sheet 1s discharged by the push-out member driven at the
predetermined speed (1.e., the first discharge control).

In the case of the sheet of thin paper having 30 rectangular
holes and length shorter than B4 (=364 mm), the sheet has the
first strength being lower than the predetermined strength.
With this strength, the end part of the punch-processed sheet
1s not buckled when being abutted to the stopper plate but 1s
buckled when being pushed by the push-out member at the
predetermined speed. Accordingly, with the sheet of this
combination, the sheet 1s discharged by the push-out member
at the speed of being discharged from the intermediate pro-
cess tray being lower than the predetermined speed (1.e., the
second discharge control). Even 1n the case of the sheet hav-




US 8,413,978 B2

13

ing 30 rectangular holes and length shorter than B4 (=364
mm ), the sheet of plain paper or thick paper has the predeter-
mined strength or higher capable of being discharged at the
predetermined speed and the end part of the punch-processed
sheet 1s not buckled. Accordingly, the sheet 1s discharged by
the push-out member driven at the predetermined speed (1.¢.,
the first discharge control).

Since the end part of the punch-processed sheet 1n the case
of rectangular holes (1.e., the hole shape 1s square) as 1llus-
trated 1n FI1G. 6B 1s decreased compared to that in the case of
circular holes as 1llustrated in FI1G. 6C even with the same 30
holes, the third discharge control 1s performed as described
above.

Here, although the discharge control table 1s prepared with
the combinations of three hole types of the punch die 854, two
sheet sizes and three sheet types, the combinations are not
limited thereto. For example, 1t 1s also possible to classity the
sheet types more finely by grammage and sheet length and to
combine the types.

Next, the sheet discharge control of the finisher 800 will be
described with reference to a flowchart of FIG. 11. In the
tollowing description, the punch process information refers
to combinations of information of sheet types, information of
with-or-without performing punch process and information
of punch holes.

In S21, when sheet passing 1s started, the finisher control-
ling portion 380 of the finisher 800 obtains sheet type infor-
mation such as the sheet size and the sheet type which are set
at the sheet selection screen of the operation displaying por-
tion 600 oI F1G. 4 A through the communication with the CPU
circuit portion 150. Then, 1t proceeds to S22.

In S22, the finisher controlling portion 580 (1.¢., the CPU
circuit portion 880) of the finisher 800 obtains the informa-
tion of with-or-without performing the punch process set at
the sheet process selection screen of the operation displaying,
portion 600 1n FIG. 4B through the communication with the
CPU circuit portion 150. When the punch process is to be
performed, it proceeds to S23. When the punch process 1s not
to be performed, 1t proceeds to S26 and the sheet discharge
method 1s determined to be the first discharge control.

In S23, the mformation from the punch die reading con-
trolling portion 873 1s obtained and the hole types (the num-
ber, shape and size of holes) of the punch process to be
performed are determined.

In S24, 1t 1s determined whether or not buckling occurs
when stacking to the intermediate process tray 508 corre-
sponding to the combination of the obtained sheet type, infor-
mation of with-or-without performing the punch process and
the punch hole type information. When the combination 1s not
for causing buckling, 1t proceeds to S25. When the combina-
tion 1s for causing buckling, the sheet discharge method 1s
determined to be the third discharge control, as proceeding to
S28.

In S25, 1t 1s determined whether or not discharging 1n low
speed for buckling prevention i1s necessary when the sheet 1s
discharged from the intermediate process tray 508 corre-
sponding to the combination of the obtained sheet type, infor-
mation of with-or-without performing the punch process and
the punch hole type information. If necessary to discharge in
low speed, the sheet discharge method 1s determined to be the
second discharge control, as proceeding to S27. If not neces-
sary to discharge in low speed, the first discharge control as
the sheet discharge method in the case of not performing the
punch process 1s determined, as proceeding to S26.

With the abovementioned steps, an appropriate sheet dis-
charge method 1s determined corresponding to the combina-
tion of the sheet type, mformation of with-or-without per-
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forming the punch process and the punch hole type
information. Accordingly, appropriate sheet control 1s per-
formed 1n accordance with strength decrease at the end part of
the punch-processed sheet, so that buckling can be prevented
at the end part of the sheet having decreased strength due to
punch processing. In this manner, a sheet product on which a
high quality punch process 1s performed can be provided to a
user.

In the example of the above embodiment, plural types of
punch processes can be performed with the configuration that
plural types of punch dies 854 are exchangeable in one punch
unit 700. However, not limited to this, 1t 1s also possible to
configure to actualize the plural punch processes by connect-
ing plural punch units 700, for example. Instead, it 1s also
possible that plural types of punch dies (for example, 3 holes
and 30 holes) are switchably disposed to one punch unit.
Here, as the configuration to switchably dispose the plural
types of punch dies, 1t 1s considered to dispose punch dies of
3 holes and 30 holes at a rotary member and to switch the
punch die by rotating the rotary member.

Further, in the example of the above embodiment, the
apparatus can perform the punch process with plural punch
hole types. However, the punch hole type of the apparatus
may be fixed to one type. In that case, the punch hole type to
be obtained on the punch hole type obtaining process in S13
and S23 of the flowchart of the abovementioned sheet dis-
charge control 1s simply to be a predetermined punch hole
type. Then, subsequent steps to determine the sheet discharge
method are kept the same.

Further, 1n the above embodiment, a black and white image
forming apparatus 1s described as an example. However, not
limited to this, a color image forming apparatus having plural
image forming portions of different colors can be adopted.

Further, in the above embodiment, a copying machine 1s
described as an example of the image forming apparatus main
body of the image forming system. However, not limited to
this, 1t 1s also possible to adopt another 1mage forming main
body such as a printer, a facsimile machine and a multi-
function machine combining the functions thereof. Substan-
tially the same effects can be obtained by applying the present
invention to a sheet processing apparatus being combined
with the abovementioned image forming apparatus main
body.

Furthermore, 1n the example of the above embodiment, the
sheet processing apparatus 1s detachably attachable to the
image forming apparatus main body. However, the present
invention 1s not limited to this. For example, the sheet pro-
cessing apparatus may be integrated with the image forming
apparatus main body. In this case, by applying the present
invention to the sheet processing apparatus as well, substan-
tially the same effects can be obtained.

While the present invention has been described with refer-
ence to exemplary embodiments, it 1s to be understood that
the invention 1s not limited to the disclosed exemplary
embodiments. The scope of the following claims 1s to be
accorded the broadest mterpretation so as to encompass all
modifications, equivalent structures and functions.

This application claims the benefit of Japanese Patent
Application No. 2009-161391, filed Jul. 8, 2009, and No.

2010-138829, filed Jun. 18, 2010, which are hereby incorpo-
rated by reference herein 1n their entirety.
What 1s claimed 1s:
1. A sheet processing apparatus comprising:
a punch portion which punches a hole at an end part of a
sheet;
a sheet conveying portion which conveys the sheet, on
which a punch process 1s performed by the punch por-
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tion, by pushing the end part of the sheet where the
punch process 1s performed by the punch portion; and

a controller which controls the sheet conveying portion,

wherein the controller controls the sheet conveying portion
so that the sheet conveying portion conveys a sheet at a
sheet conveying speed lower than a predetermined speed
in accordance with punch process information indicat-
ing that a strength of a sheet end part 1s decreased by the
punch process and 1s lower than a predetermined sheet
strength of a sheet capable of being conveyed at the
predetermined speed.

2. The sheet processing apparatus according to claim 1,
wherein the punch process information 1s a combination of a
s1ze and a type of the sheet and a number, a shape and a size
of holes to be punched at the sheet end part.

3. The sheet processing apparatus according to claim 1,
wherein the controller controls the sheet conveying portion so
that:

a sheet having circular holes punched at an end part thereof
1s conveyed by the sheet conveying portion at the sheet
conveying speed lower than the predetermined speed 1n
a case that a sheet length 1n the conveying direction is
longer than a predetermined length, a sheet thickness 1s
thinner than a predetermined thickness and a number of
holes 1s more than a predetermined number, and

a sheet having rectangular holes punched at an end part
thereof 1s conveyed by the sheet conveying portion at the
sheet conveying speed lower than the predetermined
speed 1n a case that a sheet thickness 1s thinner than the
predetermined thickness and a number of holes 1s more
than the predetermined number, even when sheet length
in the conveying direction 1s shorter than the predeter-
mined length.

4. The sheet processing apparatus according to claim 1,
wherein the punch portion is capable of selectively punching,
holes of different types by being provided with a plurality of
detachably attachable blade portions having different hole
types and by exchanging the blade portions.

5. The sheet processing apparatus according to claim 1,

wherein the punch portion 1s capable of selectively punch-
ing holes of different types by switchably including a
plurality of blade portions having different hole types
and by switching the blade portions.

6. The sheet processing apparatus according to claim 1,
turther comprising;:

a first stack portion which 1s capable of stacking punch-

processed sheets by the punch portion,

wherein the sheet conveying portion conveys the sheets
stacked on the first stack portion toward a second stack
portion by pushing the punch-processed end parts of the
sheets.

7. An 1mage forming system comprising:

an 1mage forming portion which forms an 1image on a sheet;

a sheet processing portion which selectively performs a
process on the image-formed sheet; and

a controller which controls the sheet processing portion,

wherein the sheet processing portion includes a punch
portion which punches a hole at an end part of a sheet,
and a sheet conveying portion which conveys the sheet,
on which a punch process 1s performed by the punch
portion, by pushing the end part of the sheet where the
punch process 1s performed by the punch portion, and

wherein the controller controls the sheet conveying portion
so that the sheet conveying portion conveys a sheet at a
sheet conveying speed lower than a predetermined speed
in accordance with punch process information that a
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strength of a sheet end part 1s decreased by the punch
process and 1s lower than a predetermined sheet strength
of a sheet capable of being conveyed at the predeter-
mined speed.

8. The 1image forming system according to claim 7, wherein
the sheet conveying portion conveys a sheet against which a
sheet alignment process 1s performed by striking the punch-
processed sheet end part to an abutment member, and

wherein a lack of permission to perform the sheet align-
ment process by striking the punch-processed sheet end
part to the abutment member 1s notified, 1n accordance
with punch process information indicating that the sheet
to be conveyed has a sheet strength, lower than the
predetermined sheet strength, that causes buckling when
the punch-processed sheet end part 1s struck to the abut-
ment member.

9. The image forming system according to claim 7,

wherein the punch process information 1s a combination of
a size and a type of the sheet and a number, a shape and
a si1ze of holes to be punched at the sheet end part.

10. The mmage forming system according to claim 7,
wherein the controller controls the sheet conveying portion so
that:

a sheet having circular holes punched at an end part thereof
1s conveyed by the sheet conveying portion at the sheet
conveying speed lower than the predetermined speed 1n
a case that a sheet length 1n the conveying direction 1s
longer than a predetermined length, a sheet thickness 1s
thinner than a predetermined thickness and a number of
holes 1s more than a predetermined number,

a sheet having rectangular holes punched at an end part
thereol 1s conveyed by the sheet conveying portion at the
sheet conveying speed lower than the predetermined
speed 1n a case that a sheet thickness 1s thinner than the
predetermined thickness and a number of holes 1s more
than the predetermined number, even when a sheet
length 1n the conveying direction 1s shorter than the
predetermined length, and

wherein a lack of permission to perform the sheet align-
ment process by striking the punch-processed sheet end
part to the abutment member 1s notified with a sheet
having rectangular holes punched at an end part thereof
in a case that a sheet length 1n the conveying direction 1s
longer than the predetermined length, a sheet thickness
1s thinner than the predetermined thickness and number
of the holes 1s more than the predetermined number.

11. The mmage forming system according to claim 7,
wherein the punch portion is capable of selectively punching
holes of different types by being provided with a plurality of
detachably attachable blade portions having different hole
types and by exchanging the blade portions.

12. The image forming system according to claim 7,

wherein the punch portion 1s capable of selectively punch-
ing holes of different types by switchably including a
plurality of blade portions having different hole types
and by switching the blade portions.

13. The image forming system according to claim 7, further
comprising:

a first stack portion which 1s capable of stacking punch-

processed sheets by the punch portion,

wherein the sheet conveying portion conveys the sheets
stacked on the first stack portion toward a second stack
portion by pushing the punch-processed end parts of the
sheets.
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